Delta-sleep-inducing peptide: solution conformational studies of a membrane-permeable peptide.
Peptides and peptide-like molecules as a class have very poor permeability through biological membranes, which severely compromises their potential effectiveness as therapeutic agents. In order to gain insight into the problem of delivering peptide and protein drugs and to establish a model in which the effects of systematic structural variations on transport can be explored, an investigation of the solution conformation of a membrane-permeable peptide was undertaken. Delta-sleep-inducing peptide (DSIP, MW 849) was used in this investigation. DSIP is a charged, hydrophilic peptide that possesses the unusual ability to diffuse passively across the blood-brain barrier (BBB) in vivo [Kastin, A. J., Banks, W. A., Castellanos, P. F., Nissen, C., & Coy, D. H. (1982) Pharmacol. Biochem. Behav. 17, 1187-1191] and across monolayers of brain microvessel endothelial cells in vitro, a model of the BBB [Raeissi, S., & Audus, K. L. (1989) J. Pharm. Pharmacol. 41, 848-852]. This nonapeptide was studied in solution using one- and two-dimensional nuclear magnetic resonance (NMR), circular dichroism (CD), Fourier transform infrared (FT-IR), and fluorescence spectroscopies in conjunction with molecular modeling. Our spectroscopic findings suggest that DSIP exists in a dynamic equilibrium between unordered and folded structures. Residues 2-5 and 6-9 tend to form type I beta-turns in aqueous solution and a similar, but more ordered, helix-like structure inducible in 40% trifluoroethanol (TFE). NMR, FT-IR, and CD studies in aqueous solution support the dynamic equilibrium hypothesis with the IR data, suggesting that the beta-turn population is approximately 40%.(ABSTRACT TRUNCATED AT 250 WORDS)